In this article, we distinguish between multimorbidity (the co-existence of two or more chronic conditions) and co-morbidity (co-occurrence of disease/s with a specific index disease). The impact of multimorbidity on the health and wellbeing of individuals, the burden on healthcare systems and the effect on economies has created a major global public health problem. A recent systematic review reported that the prevalence of multimorbidity among the general adult population in high-income countries ranges from 12.9% in participants aged 18 years and older to 95.1% in a community-dwelling elderly population aged 85 years. 4 However, while the prevalence of multimorbidity is highest among the oldest (above 85 years of age), the growing burden of multimorbidity among older adults still of working age and among lower socioeconomic groups in some countries is of particular public health concern. 5, 6 This expansion of morbidity is leading to individuals living longer but with more coexisting chronic disease from a younger age, placing an even greater burden on healthcare systems.
While multimorbidity incidence and prevalence is known to vary by measures of socioeconomic status (SEP), with an excess burden in lower socioeconomic groups, there are some gaps in our understanding of this relationship. It is unclear whether the association is true for all SEP measures and whether the magnitude of association varies by age, gender and country. Since different SEP variables measure different aspects of individual circumstances and environmental characteristics, a better understanding of which socioeconomic factors are more strongly associated with multimorbidity may help us to better understand the underlying mechanisms. In turn, this will help inform the design of intervention approaches aimed at preventing or reducing the development of multimorbidity.
Objectives
The objective of this review was to systematically identify, critically appraise and synthesise the existing literature on the association between SEP and multimorbidity occurrence.
Methods
This manuscript was prepared in accordance with the PRISMA guidelines. 7 The protocol for this review was not registered.
Socioeconomic status and multimorbidity: a systematic review and meta-analysis

Search strategy
We sought studies published in English in Medline and Embase between 1946 and 1974, respectively, and December 2014 reporting on the association between SEP and multimorbidity using a comprehensive electronic search strategy (Supplementary file 1: Appendix A) and perusal of reference lists of all relevant identified articles. We included terms for multimorbidity and comorbidity, since these are often used interchangeably. One author (TP) screened all references by title and abstract and, where necessary, the full text of the article. All potentially relevant articles were reviewed by the co-author, and any disagreements on inclusion were resolved through discussion between the two authors and consensus was reached.
Inclusion and exclusion criteria
We included studies of any quantitative design that reported on the occurrence of multimorbidity (defined by the co-occurrence of multiple conditions) with respect to any measure of SEP, in adult populations only. We excluded: qualitative studies; studies that included selected populations (e.g. patients with psychiatric conditions only, substance abuse problems or those who had undergone a specific medical procedure); and studies that reported on co-morbidity rather than multimorbidity. Where multiple articles on overlapping study populations were identified, we included the study with the largest population.
Data extraction
Both authors independently extracted information on: study design; study population; demographics; sample size; exclusion criteria; definition and ascertainment of multimorbidity; number of diseases ascertained; inclusion of mental health among chronic diseases; ascertainment and measure/s of SEP; and results, including numbers with and without multimorbidity, for the purpose of metaanalysis, where appropriate.
Data synthesis
We aimed to narratively summarise study findings or, where possible, combine study-specific estimates of effect using meta-analysis to obtain a pooled summary estimate. Due to the substantial variation in how SEP measures were defined, and/or the different methods of analysis used, metaanalysis was only possible for the association between education and multimorbidity. This SEP measure was the most consistently defined and a sufficient number of studies adopted the same statistical analysis approach (i.e. logistic regression) to allow us to formally pool the results.
Meta-analysis
We performed meta-analysis using Stata version 13 and adhered to the MOOSE guidelines. 8 We combined studies that either reported unadjusted odds ratios (ORs) with 95% confidence intervals (CIs) for the association between education and multimorbidity or presented raw numbers that allowed us to calculate ORs. Where we extracted raw numbers, we defined the non-multimorbidity comparison group as participants with fewer than two conditions, in line with the most common comparison group used across studies. Our rationale for pooling together minimally or unadjusted ORs was firstly to harmonise findings from studies, in order to facilitate inclusion of as many studies as possible. Studies varied in terms of: the type of effect estimates presented; whether they presented unadjusted and/or adjusted estimates; and specific factors adjusted for, and reference category used for effect estimates for education. Secondly, our interest lay in determining the association between SEP and multimorbidity without seeking to identify the mechanisms underlying the association. Extraction of only effect estimates adjusted for additional factors, some of which may lie on the causal pathway between SEP and multimorbidity, would therefore have potentially obscured the true nature of the association between SEP and multimorbidity. We obtained a pooled summary OR for the odds of multimorbidity comparing low versus high education using the Mantel Haenszel random effects model, assessing heterogeneity between studies using the chi 2 (Cochrane Q) and I 2 statistics. We sought to explore potential explanations for any observed heterogeneity using sub-group analysis. We aimed to assess the influence of three a priori determined study characteristics: age of study population; sex; and method of ascertainment of chronic disease (i.e. objective versus subjective, as described below). Where relevant studies on education and multimorbidity did not provide sufficient information to be included in the meta-analysis, we contacted the authors to obtain results in the necessary format. However, none of the authors who replied were able to provide this information, because they no longer had access to the datasets.
Results
We identified 2,496 articles, 63 of which were potentially relevant and underwent full-text review. Of 28 relevant studies, two were excluded 9,10 because the study populations overlapped with a third included study.
11
Two studies were excluded because they defined multimorbidity using a score that incorporated severity of disease (Figure 1) . 12, 13 The remaining 24 included studies were cross-sectional in design or entailed crosssectional analysis of SEP factors related to multimorbidity (Table 1) . 5, 6, 11, In general, participants were recruited through population-based primary care databases or national or regional surveys, with more than half (N=15) conducted in high-income countries. The number of chronic diseases included in each study ranged from 5 to 335 (Supplementary file 2: Appendix B), with just 12 studies reporting mental health diseases were included (Table 1) . 5, 6, 11, 14, 19, 20, 23, 24, 28, 29, 31, 33 Ten studies 5, 11, [22] [23] [24] [25] 28, 29, 31, 33 ascertained multimorbidity through objective sources such as health records (which capture doctor-diagnosed conditions), while the remainder relied on self-report of doctordiagnosed conditions by participants, which may be subject to recall error (Table 1) . Multimorbidity was defined in 18 studies as the co-occurrence of two or more conditions, and in one study as the co-occurrence of three or more conditions, with the comparison group being fewer than two (or three) conditions ( Table 1 ). The exceptions to this were the studies by Jerlui et al. and Marengoni et al. in which multimorbidity was compared to single morbidity. 21, 24 In the remaining five studies, multimorbidity was analysed as a continuous count of conditions, without a cut-off being employed.
Most studies (N=17; 359,507 participants) measured SEP using education. 6, 11, [14] [15] [16] [17] [18] [19] [20] [21] 24, 26, 27, [30] [31] [32] 34 Eight studies (209,186 participants) reported on income 6, 14, 16, 17, 20, 27, 31, 32 and six (2,332,316 participants) reported on deprivation. 5, 23, 25, 28, 29, 34 In addition, one study reported on literacy, 22 three on occupational social class, 24, 31, 33 one on non-defined social class, 17 two on employment status 16, 17 and one on self-perceived poverty. Figure 2 ). ORs were adjusted for age in only three 11, 21, 24 of the 12 study populations. However, age-adjusted odds ratios were consistent with the overall finding, with low education associated with a 60% increased odds of multimorbidity. 21, 24 Sub-group analyses suggested that the effect of low education on multimorbidity varied according to the method of disease ascertainment, with the effect stronger among studies relying on self-report of chronic conditions than in studies using healthcare records to ascertain disease history (summary ORs 1.79, 95%CI 1.45 to 2.21 and 1.40, 95%CI 1.28 to 1.53, respectively; Figure  2) . Unfortunately, the majority of studies reported findings for both genders combined, limiting scope for investigation of consistency across men and women. When we grouped studies according to age (using a cut-off of 65 years, which was the most common age restriction applied across studies), the association appeared stronger in older than younger populations (Supplementary Table 1 ). However, very few studies actually investigated age and sex within the same study population. 6, 14, 19, 26 Eleven study populations among six studies reported odds ratios adjusted for other sociodemographic factors and (less commonly) lifestyle behaviours. 6, 11, 14, 16, 21, 26 The pooled summary estimate indicated an attenuation of the association between education level and multimorbidity (pooled summary OR 1.27, 95%CI 1.21 to 1.33; Supplementary Figure  1) , with no heterogeneity between studies (I 2 =0%; p-value=0.52). A funnel plot for the association between education and multimorbidity revealed no suggestion of publication bias (p-value for small study effects=0.95; Figure 3 ). Seven studies (N=236,649 participants) reporting on education were not included in the meta-analysis due to: incomparable methods of analysis and insufficient data to calculate ORs; 17, 19, 20, 27, 31 lack of CIs for effect estimates; 18 and insufficient data to calculate ORs. 15 Findings from almost all of these studies were consistent with those included in the meta-analysis.
Deprivation
The association between deprivation and multimorbidity was generally investigated using primary care datasets. As such, analyses were unadjusted for health behaviours, apart from one study that used survey data. 34 In all studies, higher deprivation level was associated with a statistically significant greater risk of multimorbidity (Table 2) . Differing methods of analysis and data presentation precluded formal pooling of these studies. Just two studies stratified by age and/or gender. In one study, the association between deprivation and multimorbidity was most striking in those aged 40-70 years, with the gap narrowing in those aged over 70 years. Young and middle-aged adults living in the most deprived areas had rates of multimorbidity equivalent to those aged 10-15 years older in the most affluent areas. 5 Orueta et al. stratified by both age and sex. 28 The study population was aged 65 years or over and so, in contrast to the latter study, there was a less obvious narrowing of the deprivation gap in multimorbidity risk by age. Disparities were, however, larger in women compared to men.
Income
The findings for income in relation to multimorbidity risk were inconsistent across studies ( Table 2) . Four studies reported an increasing risk of multimorbidity with decreasing income, 13, 14, 20, 31 three of which had adjusted for demographic factors and education level. 13, 14, 20 In contrast to their findings on education and multimorbidity, the South African study reported that multimorbidity risk increased with increasing income. This suggests that some SEP measures, such as income, might actually be positively associated with risk of chronic disease and multimorbidity in some lowincome countries. 16 A Brazilian study reported no significant association between income and multimorbidity, 17 Funnel plot for the association between education and multimorbidity. only. 32 An Australian study found the risk of multimorbidity increased with decreasing income level among those aged 45-59 years, but not 60 years or over, 6 whereas no age differences were observed in a Canadian study.
14 Just one study reported findings stratified by sex, 20 with low income associated with increased risk of multimorbidity in men in both low-and middle-income countries, but no association observed in women in low-income countries after adjusting for education, marital status and rural/urban area.
Other SEP measures
Evidence for the association between other SEP measures and multimorbidity is limited. Occupational social class was associated with multimorbidity in one study 33 (although statistical significance was not tested), but not in two other studies. 24, 31 Social class (not defined) was not Figure 2: Meta-analysis of the association between education and multimorbidity, showing study-specific and summary odds ratios with 95% confidence intervals, and sub-group analysis according to whether multimorbidity was ascertained using objective or subjective methods.
associated with multimorbidity in a Brazilian study. 17 Employment status was associated with a decreased risk of multimorbidity in one study 16 but not in another. 17 A study in Bangladesh found an association between low literacy level and increased multimorbidity risk, which did not persist after adjustment for other factors. 22 Finally, one study reported that self-perceived poverty was associated with increased multimorbidity risk.
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Discussion
We identified a high number of studies examining the occurrence of multimorbidity according to SEP, primarily in high-income settings. Education was most commonly studied, with meta-analysis showing that lowversus high-education level was significantly associated with an increased odds of multimorbidity, albeit with substantial heterogeneity between studies. Higher area-based deprivation was consistently associated with greater multimorbidity, but the picture was less clear for income. There is little evidence on how the associations between SEP and multimorbidity varies by sex and age.
The association between each of education and deprivation and prevalence of multimorbidity is unsurprising, given the wellestablished evidence base for the association between these SEP measures and the risk of various individual chronic diseases. [35] [36] [37] The less consistent association between income and multimorbidity may reflect differences in setting and population and the fact that income is less of a robust SEP measure particularly among retired people. Few studies stratified associations between SEP and multimorbidity by age and/or sex, with conflicting results from the studies that did stratify. Findings from one of the largest studies indicated that multimorbidity onset may occur at a younger age in the most deprived versus affluent areas. 5 While further studies are needed to fully understand the reasons for this disparity, these findings have implications for intervention approaches aimed at reducing multimorbidity, 38 which need to be targeted at much younger age groups, particularly among those living in adverse circumstances.
While the underlying reasons for the observed association between education, deprivation and risk of multimorbidity are likely complex and multifactorial, intermediary factors such as lifestyle, access to and use of health services, and neighbourhood context will be important. 39 Studies on deprivation and multimorbidity did not tend to adjust for any of these factors, while the few studies on education and multimorbidity that did adjust for lifestyle behaviours found that the association persisted. Developing constructs that capture more refined elements of socioeconomic circumstances, including for example social capital, might also yield a richer understanding of why inequalities in multimorbidity exist. 40 Fresh perspective on this may come from the field of syndemics, which refers to the synergistic clustering of health conditions that results from and contributes to complex social and economic inequalities. This theory highlights the importance of the wider context of multimorbidity and reinforces the importance of understanding how macro-level factors interact with and promote the clustering of chronic diseases at the population level. 41 We found relatively little data on SEP and multimorbidity occurrence in low-and middle-income countries. 16, 17, [20] [21] [22] 30 While some measures of SEP may actually be associated with an increased risk of various chronic conditions in some low-income settings, once these countries undergo epidemiological transition we can expect to see greater burden of multimorbidity among lower socioeconomic groups.
Methodological shortcomings of some of the identified studies limit the robustness of the results. In particular, given the crosssectional nature of the existing studies on this topic, we must exert caution when drawing conclusions about SEP and the association with multimorbidity incidence. Education is perhaps an exception, given that it is a marker of young adult socioeconomic status. However, ability to work, nature of occupation, level of income and to some extent area-based deprivation could themselves be influenced by a person's level of morbidity. The quality of the evidence from existing studies is mixed, with aspects of the study design in many instances potentially introducing bias and contributing to significant heterogeneity between studies. Specifically, some studies included a limited number of morbidities, which may have underestimated the prevalence of multimorbidity and affected the association with SEP in an unpredictable manner. 15, 16, 19, 20, 32 Some studies ascertained disease occurrence through self-report, 6, 14, 16, 21, 30, 32, 34 which we demonstrated in sub-group analyses to lead to an overestimation of the association between education and multimorbidity.
Not all studies included mental health conditions in their definition of multimorbidity, and so conclusions on the association between SEP and multimorbidity in these studies relate specifically to physical disease multimorbidity. There were no differences in study findings between those that did include mental disorders versus those that didn't. Mental health disorders are likely to be under-ascertained, particularly in low-and middle-income settings where substantial treatment gaps for mental health exist. 42 However, studies on multimorbidity should endeavour to capture both physical and mental health disease occurrence, which are known to be strongly linked. 43 Finally, although multimorbidity was consistently defined as two or more conditions in the majority of identified studies, there is no universally accepted definition of multimorbidity. 44 A simple count of conditions may be too crude and may not necessarily reflect 'burden' of disease in terms of morbidity that impacts on quality of life for example. Different conditions or combinations of conditions may also relate to SEP to differing degrees, associations that would be masked by the use of a single multimorbidity construct. In some scenarios, co-morbidity or frailty measures might be more applicable or appropriate than a measure of multimorbidity. Also, there is no consensus as to what constitutes a single disease when studying multimorbidity. There is some support for a definition of multimorbidity that reflects the existence of disease in multiple body systems as opposed to a count of conditions, irrespective of whether they reflect the same 'bodily' disease. 45 To our knowledge, this is the first systematic review of studies investigating the association between SEP and multimorbidity. Our review identifies important methodological issues of studies on multimorbidity, which have implications for future primary studies. Our review also identifies important gaps in our understanding of how SEP relates to multimorbidity, which should inform the design of future research.
Our review does have some limitations. As discussed above, some of these relate to the limitations of the studies themselves. Although we could not include all identified studies on education in our meta-analysis, it is reassuring that the findings from studies not included were in keeping with the metaanalysis findings. However, we were unable to identify all underlying explanations for the observed heterogeneity. Due to limited resources, we did not search grey literature or include non-English published articles. Finally, while we did carefully consider and critique the methodological quality of included studies, we did not formally assess methodological quality using a quality assessment tool.
Conclusions
Existing evidence demonstrates that low education level and living in a deprived area are associated with an increased risk of multimorbidity. Much of this evidence stems from studies based in high-income settings, some of which are limited by methodological shortcomings. Future studies should: minimise the risk of reverse causation through prospective study of the temporal association between socioeconomic factors and multimorbidity risk; and use objective ascertainment of a comprehensive list of chronic conditions, including mental health conditions. More broadly, further investigation into how multimorbidity should be defined is needed, with a view to obtaining a universally accepted definition or suite of definitions that can be used for research. There is an urgent need for more studies in low-and middle-income countries, where multimorbidity is already a significant public health challenge. A deeper understanding of the mechanisms underlying these associations should help to identify pathways amenable to intervention aimed at reducing multimorbidity in the most vulnerable groups.
